Microbacterium rhizomatis sp. nov., a b-glucosidase-producing bacterium isolated from rhizome of Korean mountain ginseng Van 15.3¡1.8 %, respectively. On the basis of phenotypic, chemotaxonomic and genotypic analyses, the isolate is classified as a representative of a novel species in the genus Microbacterium, for which the name Microbacterium rhizomatis DCY100 T is proposed.
Ginseng (Panax ginseng Meyer) is a dicotyledonous perennial herb from the Araliaceae family. It has been used as a traditional medicinal plant for thousands of years. Ginseng grows in the northern hemisphere in eastern Asia (mostly, north China, Korea and eastern Siberia), typically in cooler climates (Sun et al., 2011) . Cultivation of mountain ginseng is difficult because of its long cultivation period and its requirement for deep shade and nutrient-rich, slightly acidic, deep, well-drained soils (Hong, 1978; Kim et al., 2015) . Several strains of bacteria have been found in the rhizosphere of ginseng, such as Chryseobacterium ginsengisoli (Nguyen et al., 2013) and Streptomyces panaciradicis (Lee et al., 2014) . In this paper, we describe strain DCY100
T , a novel strain of the genus Microbacterium, using a polyphasic taxonomic approach.
The genus Microbacterium (type species, Microbacterium lacticum) was first established by Orla-Jensen (1919) , and its description was emended by Collins et al. (1983) and by Takeuchi & Hatano (1998) . At the time of writing, the genus consisted of 87 species with validly published names (http://www.bacterio.net/microbacterium.html). Members of the genus Microbacterium have been isolated from various environments, including plants, soil, water, waste, seawater, air, steep liquor, milk products and human beings. Members of the genus Microbacterium are Gramstaining-positive and catalase-positive. The menaquinones are MK-10, 11, 12, 13 and 14. The peptide subunit of peptidoglycan consists of alanine, D-glutamic acid, L-lysine, L-ornithine and L-homoserine. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and glycolipids.
Root samples of eight-year-old mountain ginseng were collected from Hwacheon mountain, Gangwon province, Republic of Korea, in August 2013. Mountain ginseng root was carefully collected in clean zip-seal bags, and transferred to the laboratory. The roots were cleaned of all soil and rinsed with sterilized water. Then the rhizosphere was collected in a 50 ml sterilized conical tube with 10 ml of 0.85 % (w/v) saline solution, shaken for 10 min and serially diluted up to 10 25 using 0.85 % (w/v) saline solution. Subsequently, 100 ml of each dilution was spread on nutrient agar (NA; Difco) plate medium. The plates were incubated at 30 8C for 7 days. Single colonies were purified by transferral to new NA agar plates. Strain DCY100
T was maintained in NA broth (Difco) containing 30 % (v/v) glycerol at 280 8C. However, the medium was later changed to trypticase soya agar (TSA; MB cell), since this medium was found to produce optimum growth of this strain. Enzyme activity et al., 2009) were obtained from the Japan Collection of Microorganisms and the German Collection of Micro-organism and Cell Cultures, respectively, as references type strains. They were cultured under the same conditions as strain DCY100 T .
Colony morphology was observed after growth on TSA at 30 8C for 2 days. Gliding motility was tested using a hanging-drop technique (Bernardet et al., 2002) . Cell size, shape, morphology, flagellae and motility of strain DCY100
T were observed by light microscopy (61000 magnification, Nikon Optiphot-2) and by transmission electron microscopy after growth in TSA broth (MB cell) for 1 day at 30 8C. Suspended cells were placed on carbon and Formvar-coated nickel grids for 30 s and grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a Carl Zeiss electron microscope (LOE912AB) at 100 kV under standard operating conditions. Gram reaction was determined using a bioMérieux Gram staining kit according to the manufacturer's instructions. Growth was tested using several bacterial media, such as NA, TSA, Reasoner's 2A (R2A; MB cell), Luria-Bertani (LB; MB cell) and MacConkey (Difco) agars at 30 8C. Growth at various temperatures (4, 10, 15, 20, 25, 30, 35 and 40 8C) was measured on TSA. Tolerance of salinity was evaluated on TSA broth supplemented with 0, 0.5 and 1.0-10.0 % (w/v) NaCl, at 1.0 % intervals, at 30 8C. Growth at pH 3.0-11.0 at 0.5 pH unit intervals was assessed in TSA broth supplemented with 10 mM phosphate/citrate buffer (pH 5.0), MES buffer (pH 5.5-6.5), HEPES buffer (pH 7.0-8.0), Tris buffer (pH 8.5-9.0) or NaHCO 3 /Na 2 CO 3 (pH 9.5-10.0). Acidities of pH 3.0-5.0 were adjusted by using 1 M HCl, and alkalinities of pH 10.0-11.0 were adjusted by using 1 M NaOH. Catalase activity was tested by bubble production in a 3.0 % (v/v) H 2 O 2 solution. Oxidase activity was determined using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux) according to the manufacturer's instructions. Hydrolysis of the following substrates was tested: gelatin (on a medium containing 0.3 % beef extract, 0.5 % peptone and 12 % gelatin) and starch [on R2A agar containing 1 % starch (Difco)]. Hydrolysis of DNA, casein, aesculin, Tween 20, Tween 80 and starch was also checked using standard described methods (Prescott & Harley, 2001 ). Indole production was analysed using Kovács' reagent in tryptophan broth medium. The result was positive when a red organic phase in tryptophan medium was observed after adding Kovács' reagent. Nitrate reduction was tested in nitrate broth containing 0.2 % KNO 3 (Skerman, 1967) . Urease activity was evaluated in Christensen's medium (Christensen, 1946) . H 2 S production was evaluated on triple-sugar iron agar. The BD GasPak EZ gas generating system (Becton Dickinson) was used to test anaerobic growth. The strain was grown in TSA agar medium at 30 8C for 5 days under anaerobic conditions, using a BD GasPak EZ pouch (Becton Dickinson), with an anaerobe sachet in the pouch. Carbon utilization, enzyme production and other tests were carried out using the API 20NE, API 32GM, API 50CH and API ZYM test strips according to the manufacturer's instruction (bioMérieux). Susceptibility to antibiotics was checked using Oxoid antibiotic discs on Müller-Hinton agar plates according to Bauer et al. (1966) . The inhibition zone was measured according to the manufacturer's instructions (Oxoid). The antibiotics discs used included carbenicillin (100 mg), vancomycin (30 mg), ceftazidime (30 mg), novobiocin (30 mg), neomycin (30 mg), tetracycline (30 mg), cefazolin (30 mg), erythromycin (15 mg), oleandomycin (15 mg), penicillin G (10 mg), rifampicin (5 mg) and lincomycin (15 mg).
Strain DCY100
T formed circular, smooth, convex, yellow colonies approximately 0.3 to 1.3 mm in diameter after incubation on TSA plates for 2 days at 30 8C. Growth occurs at 10-35 8C. The pH range for growth of strain DCY100
T was pH 4.5210.0 (optimal growth at pH 5.5-6.0). Growth occurred at 0 to 6.0 % (w/v) (optimal 1.0 %) salinity. Cells were Gram-reaction-positive, catalase-positive, oxidase-negative, non-motile, non-flagellate and rod-shaped (0.3860.62 mm) (Fig. S1 , available in the online Supplementary material). The test for b-glucosidase was positive, but tests for protease, amylase, urease, DNase, nitrate reduction, indole production, and hydrolysis of Tweens 20 and 80 were not. Cells were able to grow on R2A, TSA, LB, NA and MacConkey agar. Physiological and biochemical characteristics and metabolic properties are presented in Table 1 and in the species description. Strain DCY100
T was resistant to penicillin G (10 mg), cefazolin (30 mg), ceftazidime (30 mg), carbenicillin (100 mg), rifampicin (5 mg) and novobiocin (30 mg); intermediate to neomycin (30 mg), erythromycin (15 mg), vancomycin (30 mg) and oleandomycin (15 mg); sensitive to tetracycline (30 mg).
The genomic DNA of strain DCY100
T was isolated and purified using a genomic DNA isolation kit (Gene All) according to the manufacturer's instructions. The 16S rRNA gene sequence of strain DCY100
T was amplified using universal bacteria primers 27F, 1492R, 518F and 800R (Lane, 1991; Anzai et al., 2000) . The purified PCR products were sequenced by Genotech (Daejeon, Republic of Korea), as described by Kim et al. (2005) . The almost-complete 16S rRNA gene sequence (1408 bp) was assembled using SeqMan software version 4.1 (DNASTAR) and compared with 16S rRNA gene sequences available in GenBank using the BLASTN searches on NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and on the EzTaxon-e server (Kim et al., 2012) . The almost-complete 16S rRNA gene sequence determined in this study was aligned with reference sequences from the genus Microbacterium and related taxa using CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the maximum-likelihood, maximum-parsimony (Fitch, 1971 ) and neighbour-joining methods (Saitou & Nei, 1987) , using the MEGA 5 program (Tamura et al., 2011) . The resultant tree topologies were evaluated by bootstrap analysis based on 1000 replications (Felsenstein, 1985) . Analysis of the 16S rRNA gene sequence showed that strain DCY100
T belonged T formed a monophyletic cluster (Fig. 1) . This cluster was also recovered in the trees regenerated using the neighbour-joining and maximum-parsimony algorithms (Fig. S3) .
To analyse the DNA G+C (mol%) content, the genomic DNA of strain DCY100 T was isolated using a genomic DNA isolation kit (Gene All) according to the manufacturer's instructions. A volume (10 ml) of solution
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Actinobaculum urinale containing 10 mg of DNA was heated in a boiling water bath for 5 min and then cooled in ice. The denatured DNA solution was mixed with 10 ml of nuclease P1 solution [20 U nuclease P1 ml 21 in 40 mM acetate buffer (pH 5.4)] and incubated at 37 8C for 1 h. Then, 10 ml of alkaline phosphatase (40 U ml
21
) was added to the sample, and incubated for 1 h at 37 8C (Mesbah et al., 1989) . The nucleosides were separated using a reversephase HPLC column YMC-Triart C18 (4.66250 mm65 mm). The genomic DNA of Escherichia coli strain B (Sigma-Aldrich D4889) was used as a calibration standard. The microplate hybridization method was used to determine DNA relatedness (Ezaki et al., 1989) . The optimal hybridization temperature was used 50.4 8C. The hybridization was performed using five replications. After the highest and lowest values for each sample were excluded, the mean was reported as the DNA-DNA relatedness value (mean¡SD). The DNA G+C content of strain DCY100
T was 63.6¡0.7 mol%, which is within the range 61-75 % reported for species of the genus Microbacterium (Alves et al., 2014 (Wayne et al., 1987) this result confirms that strain DCY100
T represents a distinct genomic species.
For chemotaxonomic analysis, cell biomass was grown in tryptic soy broth (TSB; Difco) at 30 8C for 48 h, then centrifuged at 4500 g for 15 min. The cell pellet was collected and then freeze-dried. The isoprenoid quinones were extracted and analysed by HPLC as described previously (Collins & Jones, 1981) . The polar lipids of strains DCY100 T and M. ginsengisoli KCTC 19189 T were extracted and analysed as described by Minnikin et al. (1984) . Whole-cell sugars of strains DCY100 T and M. ginsengisoli KCTC 19189 T were determined by TLC according to Becker et al. (1965) . The peptide subunit of peptidoglycan was analysed as described by McPherson & Popham (2003) . To analyse cellular fatty acids, strain DCY100
T and three reference strains were grown on TSA agar for 24 h at 30 8C. Cellular fatty acids were extracted, saponified, methylated and purified according to the protocol of the Sherlock Microbial Identification System (Sasser, 1990) . The fatty acid methyl esters were analysed by GC (Hewlett Packard 6890) with Sherlock MIDI software (version 6.0) and a TSBA database (version 6.0). The menaquinones of strain DCY100
T were MK-10 (10.6 %), and . The cell-wall peptidoglycan contained the amino acids ornithine, alanine, glutamic acid and glycine. Whole-cell sugars consisted of glucose, galactose, rhamnose and ribose. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and one unidentified glycolipid; this profile is similar to that of M. ginsengisoli KCTC 19189 T (Fig. S2) . The major cellular fatty acids (.10.0 %) of strain DCY100
T were anteiso-C 15 : 0 (32.2 %), anteiso-C 17 : 0 (27.0 %), and iso-C 16 : 0 (20.7 %); this is consistent with those of the related strain M. ginsengisoli KCTC 19189 T , while the major cellular fatty acids of M. lacus JCM 15575
T and M. invictum DSM 19600 T were only anteiso-C 15 : 0 and anteiso-C 17 : 0 . The fatty acid C 18 : 0 3-OH was detected in moderate amounts in strain DCY100 T (6.7 %) and M. ginsengisoli KCTC 19189 T (3.3 %). However, it was not detected in M. lacus JCM 15575 T or M. invictum DSM 19600 T (Table S1 ).
Based on phylogenetic analysis, we suggest that strain DCY100 T is closely related to members of the genus Microbacterium. The physiological, biochemical characteristics and chemotaxonomic results strongly suggested that strain DCY100
T is distinguished from related species of the genus Microbacterium. Therefore, it is proposed that strain DCY100
T be classified as a representative of a novel species of the genus Microbacterium, for which the name Microbacterium rhizomatis sp. nov. is proposed. The DNA G+C content of the type strain was 63.6¡0.7 mol%.
Description of Microbacterium rhizomatis sp. nov.
Microbacterium rhizomatis (rhi.zo9ma.tis. Gr. neut. n. rhizoma root system; N.L. gen. n. rhizomatis of a rhizome).
Cells are Gram-reaction-positive, aerobic, catalase-positive, oxidase-negative, non-motile, non-flagellate and rod-shaped (0.38|0.62 mm). Colonies are circular, smooth, convex, yellow, and approximately 0.3 mm to 1.3 mm in diameter after incubation on TSA plates for 2 days at 30 uC. Growth occurs at 10-35 uC (optimal 30 uC). The pH range for growth is pH 4.5-10.0 (optimal at pH 5.5-6.0). Salinity tolerance occurs at 0 % to 6.0 % NaCl (w/v) (optimal 1.0 %). Strain DCY100 T can hydrolyse aesculin, but not skimmed milk, Tweens 20 and 80, starch or DNA. Urease activity, nitrate reduction and indole production are not observed. Cells are able to grow on R2A, TSA, LB, NA and MacConkey agar. According to the API ZYM test, positive results for alkaline phosphatase, esterase (C4), lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and a-mannosidase, but negative results for lipase (C14), a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase and a-fucosidase. According to the API 20NE test, positive results for glucose fermentation, aesculin hydrolysis, b-galactosidase, and assimilation of D-glucose, D-mannose, D-mannitol, maltose, potassium gluconate and malate; but negative results for nitrate reduction, indole production, urease, gelatinase, arginine dihydrolase, and assimilation of L-arabinose, capric acid, adipic acid, trisodium citrate, phenylacetic acid and N-acetylglucosamine. The type strain, DCY100
T (5KCTC 39529 T 5JCM 30598 T ), was isolated from rhizome of Korean mountain ginseng root at Hwacheon mountain, Gangwon province, Republic of Korea. The DNA G+C content of the type strain is 63.6 + 0.7 mol%.
